Because of its solvent properties, chemical inertness, and cheapness, sulfolane is a useful selective solvent in liquid-liquid and liquid-vapour extraction processes used for the separation of compounds with different degrees of saturation and polarity, e.g., for the extraction of aromatic compounds from petroleum. It is also a good solvent for quaternary ammonium salts, nitrocellulose, polyvinylchloride, polystyrene, and for protein or amide-type fibres.
Very little information is available on the toxicity and possible irritancy of sulfolane, and, because of the importance of this material in industry, it was decided to investigate these properties.
The spelling 'sulfolane' may surprise readers more used to the spelling of sulphur in Britain. Sulfolane has been accepted as the generic name for hydrogenated sulphones of butadiene (Goldstein, I958; Waddams, I962) .
Materials and Methods
conditions does not react with acids or bases. Substitution in the 3,4-position is relatively easy, and sulfolane can be reduced to 3,4-sulfolene (Reid, I960) . Sulfolane is almost odourless but at 220°C. it decomposes slowly with the formation of sulphur dioxide. Sulfolane is completely miscible with a wide range of different liquids, e.g., water, acetone, glycerol, toluene, and many oils. Some of its other more important physical properties are given in Table I . Acute Toxicity Tests Oral The rats and mice were fasted overnight before being weighed and dosed with a syringe fitted with a ball-point needle. Water was allowed ad libitum throughout the experiment and food was freely available after dosing. Four rats of each sex and two mice of each sex were used at each dose level investigated.
Percutaneous Four rats of each sex were used for the acute percutaneous toxicity test; these were housed in individual cages before and during the 24 hours exposure period. Water was allowed to these rats ad libitum throughout the experiment but food was removed during the 24 hours exposure period. Undiluted sulfolane was placed on the shorn dorsolumbar skin and bandaged into contact using an impermeable dressing of aluminium foil and water-proof plaster. The dressing was left in position for 24 hours and then removed, and the treated site was washed with tepid dilute detergent solution.
All animals in the acute toxicity tests were observed for IO days after exposure. At the end of that time all survivors were weighed and examined for general health.
Skin Irritation Studies The tests were of two types, those in which the skin was exposed to the sulfolane inside an impermeable covering, and those in which the skin was treated with free access to the atmosphere.
In the covered test, four male and four female rabbits were used. The dorsal hair between the shoulders and the hindquarters was cleanly shorn by means of fine electric clippers. On the first, second, and third days of the test the rabbits were immobilized for periods of six hours in a special holding device. Patches of lint, about 2 cm. X 2 cm., were cut, and i ml. of sulfolane was applied to each. Two patches were laid on each rabbit's back and covered with a sheet of thin polythene; these were bandaged into position by means of a 5-cm. open-weave bandage.
A visual assessment of the degree of erythema and oedema was made using the scoring system described by Hunter, Brown, and Ferrigan (i966) and intravenous sulphan blue in the method of Brown and Clarke (i965) . Seven days after the first application the final visual assessment was made, and specimens of the animals' skins were taken for histopathological examination.
Rabbits (one male and one female) and guinea-pigs (five of each sex) were shorn from between the shoulders to the level of the hips on the Monday of each week of the test. Daily, five days per week for four and one-half weeks, i ml. for rabbits and o-5 ml. for guinea-pigs of undiluted sulfolane was dropped onto the shom area near the mid-line. A daily visual assessment was made of the gross skin damage, and on the day after the twenty-third application of test material the skin was removed for histopathological examination.
Skin Sensitization Studies The 'P' strain of guinea-pig was used in this investigation. This has been shown to be sensitized by a number of different organic compounds of low molecular weight injected intradermally or applied to the skin surface in a nonsensitizing solvent at a concentration of O-I % w/v. The test was carried out by injecting or applying the solution to the shorn skin on the back of the guinea-pig on three days (Monday, Wednesday, and Friday) in each of three successive weeks. The animals received no treatment for the next IO days, and a 'challenge' dose of the same solution was applied on the right flank and of solvent on the left flank on the eleventh day. After the 'challenge' the animals were examined at one hour, 24 hours, and 48 hours for signs of a sensitization-type reaction, i.e., intense redness, wealing, or both. Subjective assessments were made of the reaction. Because of the negative result, the whole test was repeated using the same guinea-pigs.
Tests on Rabbit Eyes The method used was that described in the United States Federal Register (I964), and the assessment of irritancy was based on the recommendations of the United States Department of Health, Education, and Welfare.
Results
Acute Oral Toxicities Rats The single dose acute oral LD50 was found to be 2-I g./kg. (I-7 to 2-7 g./kg., 95% confidence limits).
All animals that died did so within 24 hours and mostly in less than three hours. In each case death was preceded by convulsions and gasping for breath. Necropsies on animals that died revealed no specific pathological lesion and it is believed from the character of the convulsions that anoxia was the cause of death.
Mice The single dose acute oral LD50 was found to be between i-9 g./kg. and 2-5 g./kg. All animals that died did so within 24 hours. The general appearance was identical to that seen in rats.
Acute Percutaneous Toxicity Sulfolane does not wet skin very satisfactorily and the maximum dose investigated was 3 ml./kg. (3-8 g./kg.). No apparent effects were observed in any of the rats, and the percutaneous LD50 must therefore be greater than 3-8 g./kg. Skin Irritation Studies In the covered test in rabbits no signs of skin irritation were observed in any of the rabbits used, and the total erythema score was less than IO and can be ignored. The use of sulphan blue showed the skin to be unchanged, and histopathological examination of skins taken from the rabbits post mortem revealed no evidence of skin damage.
Undiluted sulfolane applied daily to the dorsal, shorn skin of rabbits and guinea-pigs produced no gross appearance of skin irritation. Histopathological studies of the skin after the last application revealed no microscopic changes. The convulsions observed in rats and mice were typical of those observed in anoxia, with gasping for breath and clonic spasms. The published work (Alexander, Abreu, Weaver, Faith, and Newberne, I959) on monohalogenated sulfolanes shows that they have an analeptic action which may be followed by respiratory arrest.
Post-mortem examination of animals killed by sulfolane in our laboratory did not reveal any specific lesion.
The intravenous toxicity of sulfolane has not been investigated here but a single dose intravenous LD50 of i,o8o ± 56 mg./kg. has been quoted for mice (Alexander et al., I959) .
Sulfolane appeared to be completely free from skin irritating and sensitizing properties and was only very mildly irritating to the eyes. Stanford Research Institute (1958) found sulfolane nonirritant to the skin but did not test for sensitization or eye irritancy.
There is now a substantial list of publications on the use of sulfolane in various industrial and laboratory applications and these suggest that the material will become of increasing importance. On the basis of the present evidence, on acute toxicity only, sulfolane may be judged to be reasonably safe to handle.
